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Devido a aspectos culturais, religiosos, históricos e econômicos, os cereais e seus derivados 
foram classificados como produtos alimentícios essenciais em todo o mundo. As micotoxinas 
são metabólitos secundários produzidos por fungos micotoxigênicos em diferentes alimentos 
durante as etapas de produção, processamento, transporte e armazenamento. Dentre as mais 
de 300 micotoxinas identificadas, as mais estudadas em cereais e derivados são ocratoxina A 
(OTA), zearalenona (ZEN), deoxinivalenol (DON) e aflatoxina (AF). Adicionalmente, o 
estudo da distribuição, prevalência e concentração das micotoxinas em produtos à base de 
cereais merece destaque, assim como o efeito que as operações unitárias causam nesses 
produtos durante o processamento. Diversos estudos têm sido realizados com o objetivo de 
avaliar a taxa de degradação das micotoxinas em cereais e derivados após processamento 
convencional e após o uso de novas tecnologias, embora a maioria das micotoxinas possa ser 
considerada estável durante algumas operações unitárias. Por outro lado, a demanda por 
métodos analíticos de elevado desempenho tem sido um fator determinante e desafiador na 
análise de micotoxinas. Além disso, a presença de micotoxinas mascaradas, como o 
deoxinivalenol-3-glucosídeo (DON-3-Glc) e o deoxinivalenol-15-β-d-glicopiranosídeo 
(DON-15-glucoside), pode ser considerada um desafio dentro da área de segurança de 
alimentos. Nesse contexto, o presente estudo objetivou o desenvolvimento de uma revisão 
sistêmica e uma meta-análise da prevalência, concentração, impacto das operações unitárias e 
métodos de identificação utilizados para OTA, ZEN, DON e aflatoxinas totais (AFT) em 
pães, flocos de milho, cereais matinais, macarrão e outros derivados de cereais a partir da 
literatura publicada entre 1983 e junho de 2017 disponível em bases de dados como Google 
Scholar, Scopus e PubMed. A ordem de classificação dos derivados de cereais em relação à 
prevalência de AFT foi biscoitos > flocos de milho > pães > macarrão > cereais matinais; 
para DON foi flocos de milho > macarrão > biscoitos > pães > cereais matinais; para OTA foi 
macarrão ~ pães > flocos de milho > biscoitos > cereais matinais; enquanto que para ZEN foi 
flocos de milho > pães, cereais matinais > biscoitos > macarrão. Adicionalmente, a 
classificação geral para a prevalência de micotoxinas em derivados de cereais foi DON > 
OTA > ZEN > TAF > 15-ADON > 3-ADON. A classificação dos derivados de cereais 
quanto à concentração de DON foi cereais matinais > pães > biscoitos > macarrão > flocos de 
milho; ZEN, flocos de milho > pães > cereais matinais > biscoitos > macarrão; AFT, 
macarrão > flocos de milho > pães > biscoitos > cereais matinais; e para OTA, pães > flocos 
de milho > cereais matinais > biscoitos > macarrão. A concentração de micotoxinas em 
 
 
produtos à base de cereais seguiu a seguinte classificação: DON > ZEN > 15-ADON > OTA 
> 3-ADON > AFT. Operações unitárias como moagem e fermentação causaram um aumento 
na concentração de DON e AFT nesses produtos, enquanto que ocorreu redução na 
concentração de ZEN e OTA. Embora o processamento térmico (cozimento) provocou uma 
diminuição em DON, OTA e AFT e um aumento na concentração de ZEN em pães, as 
concentrações de DON e ZEN foram reduzidas em biscoitos. Entretanto, o cozimento de 
macarrão causou a redução de DON e o aumento de AFT em macarrão. AFT e DON são as 
micotoxinas que apresentaram o menor e o maior número de estudos, respectivamente, 
enquanto que a Alemanha representa o primeiro país a iniciar esses estudos. Além disso, a 
cromatografia líquida com ionização por eletrospray acoplada à espectrometria de massas 
(LC-ESI/MS) é a técnica de detecção de micotoxinas mais utilizada. A classificação em 
relação ao número de estudos envolvendo derivados de cereais é cereais em grãos > flocos de 
milho > pães > cereais matinais > farinha > produtos infantis > macarrão > outros derivados. 
Assim, a revisão sistêmica e meta-análise realizadas mostraram que as micotoxinas e o que 
acontece com elas durante o processamento tem relação direta com as operações unitárias 
utilizadas na preparação dos diferentes tipos de produtos à base de cereais. Os resultados 
obtidos no presente trabalho podem ser utilizados em estudos de exposição/análise de risco 
de micotoxinas visando à geração de medidas com embasamento científico a serem 
implementadas na cadeia de produção de derivados de cereais a fim de assegurar a saúde 
pública. 
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Due to cultural, religious, historical as well as economic aspects, cereal and cereal-based 
products were categorized as a crucial group of food products around the world. Mycotoxins 
are secondary metabolites produced by mycotoxigenic molds in food products during 
production, processing, transportation, and storage. Among more than 300 identified 
mycotoxins, ochratoxin A (OTA), zearalenone (ZEN), deoxynivalenol (DON) and aflatoxin 
(AF) are the most studied in cereal-based products. Also, the study of the distribution, 
prevalence, and concentration of mycotoxins in cereal products deserves notable attention. In 
addition, the effect of unit operations during manufacturing on the concentration of 
mycotoxins was the point of interest. Some investigations were conducted in order to 
calculate the degradation rate of mycotoxins among the conventional as well as novel 
procedures used for cereal-based production, although most of the mycotoxins can be 
considered stable during many processing operations. On the other hand, the demand for 
well-developed analytical methods as one of the main proposed issues among the mycotoxins 
analysis can be considered an important challenge. Also, the presence of masked mycotoxins, 
such as the conjugate deoxynivalenol-3-glucoside (DON-3-Glc) and the deoxynivalenol-15-
β-d-glucopyranoside (DON-15-glucoside), can be accounted as a challenge in food safety. In 
this context, the current study aimed to perform a systematic review and meta-analysis 
regarding the prevalence, concentration, impact of unit operations and available identification 
methods for OTA, ZEN, DON and total aflatoxin (TAF) in bread, cornflakes, breakfast meal, 
pasta and other cereal-based products among the published literature from 1983 through June 
2017 in databases (Google Scholar, Scopus and PubMed). The rank order of cereal-based 
food products on prevalence of TAF was biscuit > cornflakes > bread > pasta > breakfast 
cereals; for DON was cornflakes > pasta > biscuit > bread > breakfast cereals; for OTA was 
pasta ~ bread > cornflakes > biscuit > breakfast cereals; and for ZEN was cornflakes > bread 
> breakfast cereals > biscuit > pasta. Also, the overall rank order of prevalence of mycotoxins 
in the cereal foods was DON > OTA > ZEN > TAF > 15-ADON > 3-ADON. The rank order 
of cereals based food products based on concentration of DON was breakfast cereals > bread 
> biscuit > pasta > cornflakes; ZEN, cornflakes > bread > breakfast > biscuit > pasta; TAF, 
pasta > cornflakes > bread > biscuit > breakfast; and OTA, bread > cornflakes > breakfast > 
biscuit > pasta. The overall rank order of concentration of mycotoxins in the cereal-based 
products was DON > ZEN > 15-ADON > OTA > 3-ADON > TAF. Some of the investigated 
processing such as milling and fermentation caused an increase in the concentration of DON 
 
 
and TAF; while reduced the concentration of ZEN and OTA. Although heat processing 
(cooking) caused a decrease in DON, OTA, and TAF and an increase in the concentration of 
ZEN in bread, it reduced the concentration of DON and ZEN in the biscuit. However, while 
cooking of pasta reduced the content of DON, it could increase TAF concentration. The 
lowest and highest numbers of investigations were associated with TAF and DON in cereal-
based products, respectively. Among the countries, Germany was ranked as the first in 
establishing the investigations. Moreover, the liquid chromatography-electrospray ionization-
tandem mass spectrometry (LC-ESI/MS) was categorized as the most implemented technique 
for mycotoxins detection. The rank order of cereal foods based on number of studies was 
cereal grain > cornflakes > bread > breakfast > flour > infant product > pasta > other 
products. The outcomes of this systematic review and meta-analysis showed that the 
mycotoxins and their fate were influenced differently by the unit operations involved in the 
preparation of the different cereal-based products. The obtained results of the current study 
can be used in exposure/risk assessment mycotoxin studies aiming the generation of 
scientific-based measures to be implemented in the production chain of cereal-based products 
to safeguard public health. 
Keywords: ochratoxin A; zearalenone; deoxynivalenol; total aflatoxins; systematic review; 
meta-analysis; cereal-based products; prevalence; concentration; identification 
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General Introduction  
Due to cultural, religious, mythological, historical as well as economic aspects, cereal, and 
cereal-based products were categorized as a crucial group of food products around the world 
(Duarte et al., 2010; Ghasemidehkordi et al., 2018). Cereals have a variety of applications as 
food, in an assortment that includes the use of different technological processing methods, 
industrial or domestic/traditional (Fakhri et al., 2018; Duarte et al., 2010). Cereal grains, such as 
wheat, are highly consumed throughout the world. Wheat is a highly cultivated grain in the 
world, and a great portion of all the harvested wheat is processed into flour. Wheat flour is used 
as the primary ingredient of various food products such as bread, breakfast meal, cornflakes, 
pasta, and cakes (Khaneghah et al., 2018; Suman et al., 2013). Despite this fact, cereals and 
cereal-based food products can be contaminated by several mycotoxins (Pereira et al., 2014). In 
other words, among food matrixes, cereal grains stand out as a highly prone substrate for 
contamination with mycotoxins at either pre- or post-harvest steps (Lee & Ryu, 2017).  
Mycotoxins are secondary metabolites, mainly produced by some species of Aspergillus, 
Fusarium, Penicillium and Alternaria can be found in cereals and cereal-based products (De 
Boevre et al., 2012; Magan and Aldred, 2007; Paster and Bullerman, 1988; Pereira et al., 2014; 
Sauer, 1988). Among the 300 identified secondary metabolites, ochratoxin A (OTA), 
zearalenone (ZEN), deoxynivalenol (DON) and aflatoxins (AFs), patulin (PAT), and fumonisins 
(FBs) can be considered highly significant in food products (Amirahamdi et al., 2017; Turner et 
al., 2009). These mycotoxins are frequently associated with specific food matrix. However, 
several mycotoxins can be found in a food matrix (Wagacha & Muthomi, 2008; Lee & Ryu, 
2017; Rodrigues, Handl, & Binder, 2011).   
As mycotoxins may be present in ingredients used for the production of cereal-based 
products, interest exists to quantify the effects of different unit operations employed during their 
processing on mycotoxins. This knowledge is key for exposure and risk assessment studies, 
which can be further, used for development of scientific-based prevention strategies aiming at 
safeguard public health. The investigation regarding the contamination of cereals and cereal-
based foods by mycotoxins attracts considerable attention due to the significant threat to human 
health posed by these compounds. Their presence in cereal foods, as well as feeds, is a 




years, the world was the witness of growing public concern regarding food safety, especially the 
issue of contamination of agricultural commodities with mycotoxins (Tola & Kebede, 2016).  
The most important mycotoxins present in cereals are fumonisins, ochratoxin A, 
trichothecenes (types A and B), aflatoxins, and zearalenone (Pereira et al., 2014). These 
mycotoxins can cause several adverse effects such as mutagenicity, dermatotoxicity, 
neurotoxicity, hepatotoxicity, teratogenicity, estrogenicity, carcinogenicity, and 
immunosuppressive effects (Amirahmadi et al., 2017). Mycotoxins as toxic compounds were 
categorized by the (International Agency for Research on Cancer) IARC into five groups (Group 
1, 2A, 2B, 3 and 4) (Heshmati, Zohrevand, Khaneghah, Mozaffari Nejad, & Sant’Ana, 2017; 
Ostry, Malir, Toman, & Grosse, 2017). All AFTs including B1, B2, G1, G2, and M1 are classified 
as group 1 (Carcinogenic to humans), and OTA is classified as group 2B (Possibly carcinogenic 
to humans), ZEN and DON are classified as group 3 (Not classifiable as to its carcinogenicity to 
humans) (Bhat, Rai, & Karim, 2010; Ostry et al., 2017). The established limits for OTA, ZEN, 
DON, and TAF in food products vary depending on the country.  In this regard, the maximum 
levels of mycotoxins in various food and feedstuff were established in 100 countries until the end 
of 2003 (Berthiller, Schuhmacher, Adam, & Krska, 2009). Based on European Commission 
Regulation; (1881/2006), maximum levels of TAF (4 µg/g), DON (200-500 µg/g), ZEN (20-50 
µg/g) and OTA (0.5 µg/g) were recommended for all cereals as well as all derived products from 
cereals (EC, 2006). 
As mycotoxins are resistant to different processes applied during cereal grains and cereal-
based product processing such as milling, baking, and fermentation (Bullerman and Bianchini, 
2007), consumers can be exposed to these food contaminants. Furthermore, due to plant 
responses, matrix effects and reactions occurred during food processing, modified and other 
configurations of DON could be formed in cereal and cereal-based products (Berthiller et al., 
2013, Rychlik et al., 2014). The presence of these modified forms of DON (i.e., masked 
mycotoxin) has been raising significant concerns regarding the safety of contaminated products. 
Also, some of the masked mycotoxins may represent analytical challenges; they still retain the 
toxicological effects (Galaverna et al., 2009). 
Despite the importance of understanding the effects of unit operations of food processing 




operations such as heating, extrusion, cooking, brewing, baking, frying, roasting, cooking,  
flaking, canning, and nixtamalization (Bullerman & Bianchini, 2007). However, the most 
effective unit operations in reducing levels of mycotoxins seem to be those that involve physical 
removal of rotten parts or spoiled grains, such as sorting and cleaning (Bullerman & Bianchini, 
2007). Several factors may play a role in the extension of mycotoxin degradation during specific 
processing steps (Lancova et al., 2008; Amirahmadi et al., 2017; Rastegar et al., 2016; 
Scudamore et al., 2008; Scudamore et al., 2009; Fandohan et al., 2005; Karlovsky et al., 2016). 
However, very limited and solid information exist regarding the influence of these factors on the 
levels of mycotoxins, also because most of the unit operations are not designed to decrease the 
levels of mycotoxins in foods (Kaushik, 2015; Campagnollo et al., 2016; Castells et al., 2005). 
There are several individual published papers regarding the effect of various processes on the 
reduction of mycotoxins in cereal-based products (Cano-Sancho et al., 2013; Brera et al., 2013; 
Milani and Maleki, 2014; Scudamore et al., 2008; Scudamore et al., 2009; Fandohan et al., 2005; 
Karlovsky et al., 2016). The majority of the studies was focused on the effect of food processing 
on ZEN and DON whereas a few of them have evaluated the stability of AFs, FBs, and OTA 
during processing of cereal-based products (Voss & Snook 2012; Lancova et al., 2008; 
Karlovsky et al., 2016; Scudamore et al., 2007; Valle-Algarra et al., 2009). Once a body of data 
has been generated and is available in the literature, a feasible approach would be to combine 
them to obtain estimates (quantification) with broader generalizability in comparison to a single 
study.  
The demand for well-developed analytical methods as one of the main proposed issues 
among the mycotoxin analysis can be considered an important challenge. The task becomes even 
more challenging when detection and identification had to be performed in the complex foods. 
The diversity of environment, matrix, target, time requirements, detection levels, and 
accessibility to appropriate technologies are the main challenges in identification of toxins in 
foodstuff (Anfossi, Giovannoli, & Baggiani, 2016). Likewise, multiple targets of interest, varied 
chemistry, multiple matrices, timing of testing, geographical and financial limitations, the speed 
of testing, sampling, limits of detection/quantification and nature of required measurements 
reserved huge attention. Numerous well-developed methods for evaluating mycotoxins in cereals 
and cereal-based products have been introduced (Arroyo-Manzanares, Huertas-Pérez, Gámiz-




liquid extraction with solvents, such as mixtures of citric acid and dichloromethane (Barna-Vetró 
et al., 1996), acetonitrile and water (Eskola, Kokkonen, & Rizzo, 2002), methanol and 
phosphoric acid (S. MacDonald et al., 1999) and methanol and sodium chloride (Abdulkadar, Al-
Ali, Al-Kildi, & Al-Jedah, 2004). A clean-up step is frequently applied and it usually uses solid-
phase extraction columns such as anion-exchange (SAX) (Pelegri, Velázquez, Sanchís, & 
Canela, 1997), silica (Eskola, Parikka IV, & Rizzo, 2001), C18 (K. A. Scudamore, Patel, & 
Breeze, 1999) and immunoaffinity columns (IACs) (Eskola et al., 2002; Solfrizzo, Avantaggiato, 
& Visconti, 1998; Wood, Entwisle, Patel, Hald, & Boenke, 1995; Zimmerli & Dick, 1995). IACs 
play an important predominant role in purification and separation of mycotoxins from the 
targeted matrix particular while combined with chromatography equipped with FLD or UV 
detectors (cereals and cereal-based products). In this regard, the determination and detection are 
performed by immunochemical techniques such as enzyme linked immunosorbent assay 
(ELISA) for OTA(Barna-Vetró et al., 1996) and chromatographic methods including thin layer 
chromatography with densitometry detection for OTA(Santos & Vargas, 2002), gas 
chromatography with mass spectrometry detection for OTA(Soleas, Yan, & Goldberg, 2001) and 
primarily by liquid chromatography with fluorescence (LC–FLD) for ZEN,OTA, DON, T‐2 and 
HT‐2(Eskola et al., 2002; Eskola et al., 2001; Visconti, Pascale, & Centonze, 1999;Trebstein et 
al., 2008;Berthiller et al., 2005), Mass Spectrometry (LC–MS) for OTA, DON and ZEN 
(Richard, Plattner, May, & Liska, 1999; Boevre et al., 2012) or tandem mass spectrometry (LC–
MS–MS) detection for TAF, OTA, DON, ZEN, T‐2 and HT‐2(Jorgensen & Vahl, 
1999;Lattanzio, Solfrizzo, and Visconti, 2008). 
Although there are many advances in mycotoxin detection, identifying a rapid, sensitive, 
cheap and easy-to-operate analytical method suitable for each task to assure the safety of foods is 
vital. Recent data available on mycotoxins highlighted new problems to be addressed. Two 
critical concerns are always present; synergistic effects of toxins (Freire & Sant’Ana, 2017; 
Streit, Naehrer, Rodrigues, & Schatzmayr, 2013) and day by day growing in newly identified and 
emerging mycotoxins such as  fusaproliferin,  beauvericin and enniatins (Meca, Zinedine, Blesa, 
Font, & Mañes, 2010), Moniliformin (Jestoi, 2008) and masked mycotoxins such as  conjugate 
deoxynivalenol- 3-glucoside (DON-3-Glc), deoxynivalenol-15-β-d-glucopyranoside (DON-15-
glucoside), fusarenon X-glucoside (FUXGlc), HFB1 and HFB2 (Berthiller et al., 2005; Dall'Asta, 




Krska, 2014; Nakagawa et al., 2011; Serrano, Font, Mañes, & Ferrer, 2013; Suman, Bergamini, 
Catellani, & Manzitti, 2013). In this context, due to the transformation of mother mycotoxins 
into daughter mycotoxins (Khaneghah et al., 2018), a new form of mycotoxin commonly known 
as “masked or hidden mycotoxin” can be appeared which may not be identified using current 
detection methods. The further combination of the above-highlighted issues is changing the aim 
of mycotoxin detection towards multi-target procedures, which usually employs advanced 
instrumental techniques for assuring sensitivity, selectivity. 
Several mycotoxin exposure assessment studies are available in the literature as reviewed 
by Marin et al. (2013), however, if strategies are employed that allow integration of several 
individual data, robust risk assessments can be built (Marin et al., 2013).  Meta-analysis is 
defined as an approach to integrate data from individual studies, which can be highly 
advantageous and may allow new conclusions to be made (Marvier, 2011). Meta-analysis studies 
have been highly employed in the medical field (Cook et al., 2008; Egger et al., 2008; Linde et 
al., 1999; Meyer and Mark, 1995), whereas in food science, applications are recent (Cherkani-
Hassani et al., 2016; Churchill et al., 2017; Jaenke et al., 2017; Prado-Silva et al., 2015; Silva et 
al., 2015; Srednicka-Tober et al., 2016). Specifically speaking about mycotoxins, only a few 
meta-analytical studies are available in the literature, but they are mostly focused on 
toxicological aspects of mycotoxins on animals (Andretta et al., 2016; Andretta et al., 2012; 
Grenier and Oswald, 2011; Li et al., 2016). Therefore, it becomes evident that meta-analysis on 
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•    The deoxynivalenol, its masked forms and their characteristics, incidence, control and fate 
during wheat and wheat-based products processing was reviewed.     
•    The prevalence and concentration of ochratoxin A, zearalenone, deoxynivalenol and total 
aflatoxin in cereal-based products by using a systematic review and meta-analysis were 
investigated 
•   Impact of unit operations during processing of cereal-based products on the levels of 
deoxynivalenol, total aflatoxin, ochratoxin A, and zearalenone by a systematic review and meta-
analysis approach were investigated 
•     Identification methods and published manuscriptsregarding ochratoxin A (OTA), 
zearalenone (ZEN), deoxynivalenol (DON) and total Aflatoxin (TAF) in cereal-based products 
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The issue associated with the contamination by mycotoxins in commodities as well as food and feeds 
reserved huge concerns. The present research was undertaken to evaluate published studies regarding the 
identification of mycotoxins (DON, ZEN, OTA, and TAF) in the cereal-based products between 1983 and 
2017. In this regard, 66 out of 2817 screened studies were included in the conducted systematic review. 
The lowest and highest number of the investigation was associated with TAF and DON in some of the 
cereal-based products, respectively. Among the countries, Germany was ranked as the first in establishing 
investigations. Moreover, the LC-ESI/MS was categorized as the most implemented technique for 
mycotoxin detection. The rank order of cereal-based food products based on number of study was cereal 
grains > cornflake > bread > breakfast > flour > infant product > pasta > other products. The results of 
this study not only summarized the most frequently mycotoxin detection technique but also may provide a 
roadmap for the future research on the mycotoxins detection analysis. 
 
Keywords: mycotoxins; ochratoxin A; zearalenone; deoxynivalenol, total aflatoxin; cereal-based 












Mycotoxins are thermally stable, naturally toxic compounds with high bioaccumulation ability(Majeed et 
al., 2018). The term "Mycotoxin" is used for the compounds with a low molecular weight that is usually 
0.3-0.7 kDa, and are secreted as secondary metabolites during pre- and post-harvest storage by some 
fungal genera such as Fusarium, Aspergillus, Penicillium and Alternaria  (Campagnollo et al., 2016; 
Heshmati et al., 2017b; Khaneghah et al., 2018b; Khaneghah et al., 2018c). Among more than 300 
identified secondary compounds, zearalenone (ZEN), ochratoxin A (OTA), deoxynivalenol (DON) and 
aflatoxins (AFs) were the most studied mycotoxins (Gambacorta et al., 2018; Gratz et al., 2017; 
Khaneghah et al., 2018a; Oteiza et al., 2017)(Khaneghah et al., 2018c). However, other mycotoxins such 
as patulin, FB1, and FB2, citrinin have been reserved notable attention among the investigations (Köppen 
et al., 2010; Oteiza et al., 2017; Shephard, 2009; Whitaker, 2006).  
Varieties of cereals, dried fruits, nuts, cocoa, spices, coffee, pulses and some fruits can be 
contaminated with mycotoxins mainly by OTA, ZEN, DON, and AFs. Cereal and cereal-based products 
can be considered as one of the most important sources of food as well as energy in many countries; they 
also provide some of the vitamins and minerals  (Pereira et al., 2014; Pimentel et al., 2009). However, 
they can be contaminated by a variety of mycotoxins as consequence grains' infection by fungi, or in the 
field after harvest either during storage (Pitt et al., 2013). Some environmental factors such as inadequate 
storage conditions,  insect damage, temperature, humidity, and drought play important roles in the 
diversity and level of contamination (Hussein and Brasel, 2001; Marin et al., 2013; Rodríguez-Carrasco et 
al., 2013; Zain, 2011). In the other words, the difference in the concentration and incidence of mycotoxins 
in cereal-based food products can be due to different reasons, including physical and chemical food 
properties (pH, composition, and water activity) (Rastegar et al., 2017; Reyneri, 2006), management 




wetness index and relief position), and weather conditions (humidity, temperature and rainfall)(Kamika et 
al., 2016). However,  according to some surveys, approaching the good agriculture practices (GAP) is 
also has a notable influence on the reduction of contamination by mycotoxins  (Rubert et al., 2013; 
Serrano et al., 2013). The final product could contain different levels of mycotoxins as result of food 
processing, which in some cases can be resulted in reducing the contamination (Vaclavikova et al., 2013).  
Nevertheless, the contamination of cereals and their related products by mycotoxins can pose 
serious risks to human and animal health (Amirahmadi et al., 2017; Campagnollo et al., 2016; da Rocha et 
al., 2014). It is recognized that trichothecene mycotoxins reduce protein synthesis in eukaryote cells 
(Bennett and Klich, 2003). It is further documented that DNA and RNA synthesis may be inhibited, the 
cell-membrane altered, and mitochondrial function and apoptosis may occur (Rocha et al., 2005; Turner 
et al., 2008). As an example, ZEN produced by many Fusarium species shows an estrogenic activity 
(Nathanail et al., 2015), and often implicated in physical changes in genital organs or reproductive 
disorders of farm animals (Faucet-Marquis et al., 2014). It contaminates grains (such as barley, wheat, 
sorghum, and corn) and fruits. Besides mycotoxicosis,  mycotoxins could pose toxic influences on the 
kidney, hematopoietic, liver, immune system, reproductive and fetal systems, besides their carcinogenic 
and mutagenic effects (Creppy, 2002; Mousavi Khaneghah et al., 2017; Turner et al., 2009). 
Contamination of food products with mycotoxins is problematic mainly due to inhibiting protein 
biosynthesis and suppressing immune responses by some of them (Wu et al., 2018). The mycotoxins as 
toxic compound were categorized by (International Agency for Research on Cancer) IARC into five 
groups (Group 1, 2A, 2B, 3 and 4) (Cancer and Organization, 2000; Heshmati et al., 2017a; Ostry et al., 
2017). All aflatoxins including B1, B2, G1, G2, and M1 are classified as group 1; Carcinogenic to humans), 
and ochratoxin A is classified as group 2B (Possibly carcinogenic to humans), zearalenone and 
deoxynivalenol are classified as group 3 (Not classifiable as to its carcinogenicity to humans) (Bhat et al., 
2010; Ostry et al., 2017). The established limits for OTA, ZEN, DON, and TAF in food products vary 




feedstuff were established in 100 countries until the end of 2003 (Berthiller et al., 2009). Based on 
European Commission Regulation; (1881/2006), maximum levels of TAF (4 µg/kg), DON (200-500 
µg/kg), ZEN (20-50 µg/kg) and OTA (0.5 µg/kg) were recommended for all cereals as well as all derived 
products from cereals (EC, 2006). 
The demand for well-developed analytical methods as one of the main proposed issues among the 
mycotoxin analysis can be considered as an important challenge. The task becomes even more 
challenging when detection and identification had to be performed in the complex food 
products(Amirahmadi et al., 2017; Heshmati et al., 2017b). The diversity of the environment, matrix, 
target, time requirements, detection levels, and accessibility to appropriate technologies are the main 
challenges in identification of mycotoxins in food products particularly in cereal-based goods (Anfossi et 
al., 2016). Likewise, multiple targets of interest and multiple matrices, the required time for the 
experiment, geographical and financial limitations, sampling, limits of detection/quantification and nature 
of mycotoxin reserved huge attention. 
In this context, numerous well-developed methods for evaluating mycotoxins in cereals and 
cereal-based products have been introduced (Amirahmadi et al., 2017; Arroyo-Manzanares et al., 2015; 
Berthiller et al., 2017). These techniques usually involve liquid extraction with solvents, such as mixtures 
of citric acid and dichloromethane (Barna-Vetró et al., 1996), acetonitrile and water (Eskola et al., 2002), 
methanol and phosphoric acid (MacDonald et al., 1999) and methanol and sodium chloride (Abdulkadar 
et al., 2004). A clean-up step is frequently applied and it usually uses solid-phase extraction columns such 
as anion-exchange (SAX) (Pelegri et al., 1997), silica (Eskola et al., 2001), C18(Scudamore et al., 1999) 
and immunoaffinity columns (IACs) (Eskola et al., 2002; Solfrizzo et al., 1998; Wood et al., 1995; 
Zimmerli and Dick, 1995). IACs play an important role in purification and separation of mycotoxins from 
the targeted matrix (cereals and cereal-based products). In this regard, the determination and detection are 
performed by immunochemical techniques such as enzyme-linked immunosorbent assay (ELISA) for 




densitometry detection for OTA(Santos and Vargas, 2002), gas chromatography with mass spectrometry 
detection for OTA(Soleas et al., 2001) and primarily by liquid chromatography with fluorescence (LC–
FLD) for ZEN,OTA, T‐2 and HT‐2 (Eskola et al., 2002; Eskola et al., 2001; Visconti et al., 1999), Mass 
Spectrometry (LC-MS) for OTA, DON and ZEN (Richard et al., 1999) or tandem mass spectrometry 
(LC–MS–MS) detection for TAF, OTA, DON, ZEN, T‐2 and HT‐2(Lattanzio et al. (2008b).  
Although there are many advances in mycotoxin detection, identifying a rapid, sensitive, cheap 
and easy-to-operate analytical method suitable for each task to assure the safety of foods is vital. Two 
critical concerns are always present; synergistic effects of mycotoxins (Freire and Sant’Ana, 2017; Streit 
et al., 2013a) and day by day growing in newly identified and emerging mycotoxins such as  enniatins,  
beauvericin and fusaproliferin (Meca et al., 2010), moniliformin (Jestoi, 2008) and masked mycotoxins 
such as  conjugate deoxynivalenol- 3-glucoside (DON-3-Glc), deoxynivalenol-15-β-d-glucopyranoside 
(DON-15-glucoside), fusarenon X-glucoside (FUXGlc) (Berthiller et al., 2005; Dall'Asta et al., 2008; 
Malachová et al., 2014; Nakagawa et al., 2011; Serrano et al., 2013; Suman et al., 2013). In this context, 
due to the transformation of mother mycotoxins into daughter mycotoxins (Khaneghah et al., 
2018c)(Khaneghah et al., 2018), a new form of mycotoxin commonly known as “masked or hidden 
mycotoxin” can be appeared which may not be identified using current detection methods.  
The further combination of the above-highlighted issues is changing the aim of mycotoxin 
analysis towards multi-target procedures, which usually employs advanced instrumental techniques for 
assuring sensitivity, selectivity. In this context, this global review is an attempt to present a 
comprehensive assessment of all techniques used for detection and identification of mycotoxins (TAF, 
ZEN, DON, and OTA) among different cereal-based products between 1983 and 2017.   
 
2. Materials and method 




A systematic literature search was performed in Science Direct, PubMed and Scopus between 1983 and 
2017. The review was conducted using Mesh terms including “cereal food products”, “mycotoxins”, 
“total aflatoxin”, “deoxynivalenol”, “ochratoxin A”, “zearalenone”, “flour”, “wheat”, “pasta", "bread", 
"cornflake" and “breakfast food”, “determination”, “identification”, “method” combined or alone together 
with "AND" and/or "OR". To make the assessment more comprehensive, the reference list of selected 
articles was used to acquire additional publications. A literature search was done based on PRISMA 
guideline (Figure 1) (Moher et al., 2010). The investigated products (cereal grains, flour, dough, bread, 
pasta, biscuit and other products) were chosen as highly cited products among the published articles 
regarding the identification of mycotoxins in cereal-based products. 
 
2.2. Inclusion and exclusion criteria 
Following the initial screening, the more qualified publications were selected and acquired. Any 
disagreement between the investigators was resolved by discussing to get an agreement. Inclusion criteria 
were included: (1) full-text available; (2) original study; (3), measure or identify the mycotoxins in food 
and, (4) published between1983 and 2017. Moreover, based on the previously published meta-analysis 
studies in food science (Cherkani-Hassani et al., 2016; Ortuzar et al., 2018), to avoid any mistake in the 
translation process and for the clarity of the reports, manuscripts published only in the “English” were 
included. Under this criterion, some of the unpublished records (proceedings of relevant conferences, 
reports from research institutes, foundations, and federal agencies) due to lack of peer-reviewed were not 
included. The articles were excluded when they did not meet these criteria. 
 




The data extraction was accomplished by one of the authors and further checked by another author. The 
obtained data from each article (study characteristics) can be summarized as first author, year of study, 
year of publication, type of product (flour, dough, bread, pasta, and biscuit), continent, countries, limit of 
quantification (µg/kg), limit of detection (µg/kg), and method used for detection. 
3. Results and discussion 
 
In the initial review of 2817 articles collected, 1865 were excluded. According to titles and abstracts, 952 
articles were identified as potentially suitable articles. The investigators checked all 952 articles 
separately. In the screening step, 886 articles were excluded due to irrelevant content such as reporting 
other contaminations, lack of description regarding the used technique.  Only studies regarding the 
identification and quantification of OTA, ZEN, DON, and TAF in cereal-based products were included. It 
should be noted that only the available data from selected studies (the studies that merit the criteria of our 
investigation) was demonstrated. Hence, the authors did not make any conclusion regarding the quality or 
quantity of established research, based on the present or absent of countries or organizations. After further 
evaluation, 66 articles published between the 1983 and 2017 (Table 1 and Figure 1) were included in the 
meta-analysis.   
The important role of a common cereal-based product such as bread, flour, cornflake, pasta in the human 
diet in comparison to other products was demonstrated by several previously published reports (Meneely 
et al., 2011; Ok et al., 2014; Pascale, 2009; Suman et al., 2013). The highest number of studies performed 
on the mycotoxin occurrence in the bread, flour, breakfast meals, cornflake, and pasta increased 
considerably between the 2001 and 2003 (Figure. 2). The number of studies performed on the infant's 
products and other cereal-based products (apart from flour, dough, bread, pasta, and biscuit) was at 2006 
whereas, in 1997, the highest number of studies considering the cereal grains was established. In 2002 




and the cereal grains; 2014 on pasta and infant products, whereas in 2007 other cereal-based products 
were investigated. Figure. 3 demonstrates the findings regarding the number of studies carried out 
between 2000 and 2014. An increase started in/or around the year 2000, topped in 2004, fell until 2008 
while an increase happened in 2014.  
The present study also established a ranking for the products which undergone analyses for the 
mycotoxins: bread (DON > ZEN > OTA > TAF); flour (DON > ZEN > OTA > TAF); breakfast products 
(DON > OTA > ZEN > TAF); infant products (DON > ZEN > TAF ~ OTA); cornflake (DON > ZEN > 
TAF > OTA); grains (DON > ZEN > OTA > TAF); pasta (ZEN > DON > OTA > TAF); and other 
products (DON > ZEN > TAF ~ OTA) (Figure 4). It is also highlighted the occurrence of DON in cereals, 
including wheat. In other studies where, emerging mycotoxins had also been analyzed, ENs and DON 
were the most abundant mycotoxins. Ennouari et al. (2013) reported that 11% of wheat samples from 
Morocco were contaminated by DON (65–1310 mg/kg). The worldwide presence of DON in cereals and 
cereal products has been reported in several studies, especially in those from the Mediterranean area such 
as in Tunisia (Bensassi et al., 2010) with 83% of occurrence, in Spain with 75% of positive wheat 
samples (Rodríguez-Carrasco et al., 2013) and 20% of wheat samples (Rubert et al., 2011) and in Italy 
with 28% (Juan et al., 2013). Regarding emerging mycotoxins, Blesa et al. (2014) reported that ENB and 
ENB1 were a highly abundant components in comparison with DON and other ENs, with an incidence of 
61, 53 and 5% of the analyzed samples, respectively, coinciding with our results. However, in a previous 
study carried out by Juan et al. (2013), ENB and DON were detected only in 28% of the wheat analyzed 
samples. In this respect, infants and children may be exposed to aflatoxins through different commercial 
products specially intended for them, such as formulas and cereal-based foodstuffs, or even through their 
mothers’ milk. Due to the inadequate manufacturing process, baby food and formula can be contaminated 
with microorganisms. As a consequence, the European Commission has set the maximum levels of AFB1 
for processed cereal-based foods and baby foods for infants and young children at 0.1 µg kg−1 (Díaz-Bao 




   According to our investigation, following order in some studies published on the detection of 
mycotoxins was observed:  DON > ZEN > OTA > TAF (Figure 5). Based on the above information for 
all categories the greatest number of analysis corresponds to DON, followed by ZEN, OTA, and TAF 
(Figure 5). The great number of studies published related to DON and ZEN unveils the significant roles of 
these mycotoxins in the cereal-based products and their impacts on the human and animal health, and a 
high prevalence of DON and ZON was found in wheat-based product samples (Andrade et al., 2017). 
According to findings of (Bryła et al., 2016) which levels of 26 mycotoxins were determined in 147 
samples of the grain of cereals cultivated in five regions of Poland during the 2014 growing season, 
deoxynivalenol (DON) was found in 100% of the tested samples of wheat (Osiny, Borusowa, 
Werbkowice), triticale, winter barley, and oats, while the maximum permissible DON level (as defined in 
the EU Commission Regulation No. 1881/2006) was exceeded in 10 samples. Zearalenone (ZEN), DON 
metabolites and enniatins were also commonly found. The presence of mycotoxins in grain reflected the 
prevailing weather conditions during the plant flowering/earing stages, which were favorable for the 
development of blight. (Kim et al., 2017) Investigated the levels of 13 mycotoxins in 5 types of 
commercial grains (brown rice, maize, millet, sorghum, and mixed cereal) from South Korea in a total of 
507 cereal grains. Mycotoxins produced from Fusarium sp. (fumonisins, deoxynivalenol, nivalenol, and 
zearalenone) were more frequently (more than 5%) and concurrently detected in all cereal grains along 
with higher mean levels (4.3–161.0 ng/g) in positive samples than other toxins such as aflatoxins and 
ochratoxin A (less than 9% and below 5.2 ng/g in positive samples) from other fungal species. 
The highest number of studies performed on the ZEN in the cereal-based products was in 
Belgium; TAF, in Australia; DON in Italy; and OTA, in Spain (Figure 6). More research in Belgium was 
conducted regarding ZEN (De Boevre et al., 2012). ZEN is mainly produced by Fusarium species. 
Consequently, co-occurrence with DON and wide geographical spread is described. The growth of most 
fungal, mainly in corn, as well as in other crops such as barley, wheat, and oats, depends on 




levels of aflatoxins in feed and feed components have been reported in Australia as strong correlation 
with high incidence of Aspergillus section Flavi (Berthiller et al., 2009; Streit et al., 2013b); in Italy the 
presence of DON in the cereal-based product was associated with high human consumption of raw cereals 
and derived products (uncooked or unprocessed products) (Lattanzio et al., 2012; Pascale, 2009; Suman et 
al., 2013). Moreover,  the observed contamination of  OTA can be correlated to cold and wet climates in 
cereals cultivation in  Spain which is favorable for the growth of Penicillium verrucosum and other OTA 
producer fungal (Blesa et al., 2004). 
The rank order of countries based on studies performed on mycotoxins in the cereal-based 
products was Germany > Belgium > Italy > Austria > Spain > South Korea > United Kingdom > Japan > 
United States > China > Canada > Finland > France > Switzerland > Argentina > Denmark > Netherlands 
(Figure 7). More research was conducted regarding mycotoxins in Germany (Biselli et al., 2005; Köppen 
et al., 2010), which are related to EU harmonized legislation for establishing  maximum limits for OTA 
and AFs in cereals and cereal grains. Limits for Fusarium toxins (Fumonisins; ZEN, DON, T2, and HT2) 
are recently were drafted in the EU member states. However, the maximum limits for Fusarium toxins in 
food products already exist in Germany since February 2004. Agriculture plays a important role in the 
Italian national economy and, especially because of the importance of the pasta industry, durum wheat 
(Triticum durum Desf.) represents one of the most relevant agricultural commodities in Italy. With a 
production of 3,710,634 tons and a cultivated surface of 1,080,837 ha in 2013, durum wheat was the most 
cultivated grain cereal in Italy. In Europe, in 2011, Italy ranked at the fourth place for durum wheat 
production, after France, Germany, and Spain while it ranked at the 20th position in the world. Rain safety 
is considered one of the most important aspects to obtain high-quality durum wheat, and consequently 
pasta, also about the ability of a wide range of fungal microorganisms to biosynthesize mycotoxins (Juan 
et al., 2016). 
The highest number of studies on the identification of mycotoxins in the cereal-based products 




Belgium (bread and cornflakes), UK (flour and some other products), South Korea (pasta and infant 
products), Spain (breakfast) and Italy (infant products) also published articles related to mycotoxins. 
When ranking based on the products was in mind, the following order may be established; Cereal grains > 
cornflake > bread > breakfast meal > flour >infant product > pasta > other products (Figure 8). In a  
review, (Lee and Ryu, 2017) reported that the occurrence from the 31 papers published during the last 
decade; their report shows that AFs continue to be a significant concern in the most of the world 
particularly in Africa with the incidence rate of 50% in raw cereal grains with the highest level of 1,642 
µg/kg detected in rice. However, Africa and America where corn is more frequently used, the incidences 
of   AFs in their processed products were higher although the concentrations were lower.  It suggests that 
the contamination of AFs could be managed during the processing. 
 In terms of the OTA, among about 4,000 samples surveyed in 33 different reports, incidences in 
raw cereals and processed products were 29% and 38%, respectively. The highest level of OTA (1,164 
µg/kg) was detected in rice samples from Africa. In Europe in particular, both incidence and the 
concentration of OTA were higher than those of raw grains indicating contamination of ingredients other 
than cereal grains. This may be due to the lack of attention or proper management practices in the supply 
chain despite the stringent regulations especially in EU and/or greater stability of OTA than other 
mycotoxins during food processing. 
 Since DON is mainly accumulated and located near the bran portion of the grain, DON levels in 
the flour tend to be lower after fractionation during the milling process. Generally, harvested grains are 
converted into flour and other fractions (germ and bran fractions) during the milling process, for human 
consumption or further food processing. Nonetheless, the global average of incidence in processed foods 
was 56% indicating that DON, similar to other mycotoxins, may not be removed completely once it enters 
the food chain. While ZEN was not as prevalent as DON, its incidence reported in Africa and Europe 
were over 50% followed by America with 48% from unprocessed cereals. In Asia where the incidence 




Nonetheless, higher concentrations of ZEN have been found in maize and rice as the growing conditions, 
i.e. warmer climate, for these crops are more favorable for ZEN production by the same organisms. 
Similar to the case of FBs, both incidences and concentrations of ZEN were reduced significantly after 
processing in all regions. This again reflects the fact that ZEN is not as stable as AFs and OTA during 
food processing. 
The following ranking on the detection and identification technique for mycotoxins was 
witnessed: LC-ESI/MS > HPLC/MS or HPLC/UV or HPLC/FLD > ELISA ~ UHPLC/MS/MS ~ LC/UV 
> FPIA ~ FEI > FTNIR > LFI; TAF, LC-ESI/MS > HPLC/MS or HPLC/UV > UHPLC/MS/MS > 
ELISA; DON, LC-ESI/MS > HPLC/MS or HPLC/UV > GC/MS/ECD > LC/UV ~ UHPLC/MS/MS ~ 
ELISA > FPIA ~ FEL > FTNIR ~ LFI; OTA, LC-ESI/MS > HPLC/MS or HPLC/UV > UHPLC/MS/MS 
> ELISA (Figure 9). Current trends in mycotoxin analysis in food are focused on application of robust, 
fast, easy to use, and cheap technologies that can detect and quantify various mycotoxins with a high 
sensitivity and selectivity in a single run (Alshannaq and Yu, 2017). The level of sensitivity gained by 
modern chromatographic and mass spectrometry equipment has revolutionized the field of trace analyte 
detection; even compared to equipment of 10 years ago (Turner et al., 2015). Among all non-MS 
chromatographic techniques, HPLC-FLD coupled with an efficient extraction and cleanup method is 
frequently used method for quantitative analysis of mycotoxins, particularly AFs (Pereira et al., 2014). 
HPLC-FLD methods have been adapted by the Association of Official Analytical Chemists (AOAC) 
International and by the European Standardization Committee (CEN) for quantification of mycotoxins in 
cereals (Pascale, 2009). By this technique, it is possible to obtain sensitivity that is comparable to those 
achieved by LC-MS/MS; however, HPLC-FLD methods are usually most suitable for single mycotoxins 
or a group of chemically related mycotoxins (Rahmani et al., 2013). Recently, a HPLC-FLD method has 
been employed for the simultaneous detection of multiple mycotoxins: (1) AFs and OTA in maize cereal 
products, peanut butter, ginseng and ginger (Trucksess et al., 2008); (2) AFs, OTA, and ZEA in cereal 




2008). Although these HPLC-FLD detection methods have relatively good sensitivity and recovery, the 
requirement for extensive cleanup and pre-/post-column derivatization for proper detection of mycotoxins 
are downsides. Apart from the great advantages of the conventional HPLC methods mentioned above, MS 
offers several distinct advantages over all LC methods for mycotoxin analysis in food. The mass 
spectrometer works by ionizing the molecules, and sort and identify them based on their mass-to-charge 
ratio (m/z) (Spanjer et al., 2008). MS offer higher sensitivity and selectivity, as well as chemical structural 
information by molecular identity of the analyte based on m/z providing the mass spectrum as an ideal 
confirmatory technique. MS detection reduces time by eliminating the need for error-prone sample 
derivatization and cleanup steps needed for fluorescence enhancement. Different MS interfaces and 
analyzers have been used, such as atmospheric pressure chemical ionization (APCI), electrospray 
ionization (ESI), and atmospheric pressure photo-ionization (APPI) (Pereira et al., 2014). Besides, there 
are many types of mass analyzers such as quadrupole, time-of-flight (TOF), ion-trap, and Fourier 
transform-ion cyclotron resonance (FT-ICR). ESI, triple quadrupole, and TOF have been used extensively 
for mycotoxin analysis (Krska et al., 2008). Although the early applications of MS were for the analysis 
of single mycotoxins, the technique can simultaneously quantify over 100 mycotoxins in a single run, 
making it the current method of choice for detecting multiple mycotoxins in a wide variety of foods. 
 
Among all published immunological based methods, the enzyme-linked immunosorbent assay 
(ELISA) is probably most commonly used for mycotoxin determination. ELISA provides rapid screening, 
with many kits commercially available for detection and quantification of all major mycotoxins including 
AFs, AFM1, OTA, ZEA, DON, fumonisins, and T-2 toxin. Results are expected to be obtained within a 
short time, with the help of simple portable devices or even without using any instrument or readers 
(Krska and Molinelli, 2009). Besides the common ELISA procedures, many kinds of rapid visual 
immunoassay strips for on-site testing of mycotoxins are commercially available, including lateral-flow 




negative control line along with the sample lines on the same strip. A lateral flow test can provide semi-
quantitative results in less than 10 min and requires no specialized equipment. It consists of three parts: a 
conjugate pad, a porous membrane, and an absorbent pad (Maragos and Busman, 2010). The test is based 
on a competitive immunoassay, where a labeled antibody is used as a signal reagent. This device has 
recently been coupled with spectrometric readers to provide quantitative results. LFDs are commercially 
available for detection of AFs, DON, T-2 toxin, OTA, and ZEA. However, their applications in the field 
are limited due to numerous problems associated with the sensitivity and reliability in different matrices 
in addition to their high cost (Goryacheva et al., 2007). 
The LC-ESI/MS was the most frequently used method for analysis of mycotoxins in cereal-based 
products (Berthiller et al., 2003; Berthiller et al., 2007; McCormick et al., 2015). It was also can be 
considered as the best emerging routine for the evaluation of mycotoxins and their metabolites. However, 
in contrast to GC based techniques, polar ingredients are quickly accessible without the demand for 
derivatization in LC-ESI/MS method. Further benefits of LC-ESI/MS include the ability to generate the 
analyte structural information, low detection limits, the need for minimum sample process and the 
possibility to evaluate a board range of polar analytes. Also, mass spectrometers as general detectors are 
not so dependent on chemical properties. However, the same has not occurred with fluorescence UV or 
absorbance detectors. Although the matrix effects can cause some limitations regarding the potential of 
LC-MS (Dall'Asta et al., 2008). Ion suppression (or enhancement) might be encountered as result of 
effects of matrix ingredients on the analyte. However, internal standards often successfully eliminated 
these limits(Amirahmadi et al., 2017). Other approaches including the using of matrix-matched standards 
or very careful validation of certain toxin/matrix combinations also can be introduced as possible 
solutions. In this regard, the multi-mycotoxin (Simultaneous analysis) technique can only be a 
compromise since extraction and clean-up conditions have to be chosen can be far from the optimum for 
targeted analytes. However, such technique offers a large saving in analytical labor compared to multiple 




The required time for sample preparation and running (to ensure the validity of results) can be 
considered as the common issues associated with HPLC. Additionally, the used chemicals for derivatizing 
such as pyridinium hydrobromide, trifluoroacetic and β-mercaptoethanol can be categorized as extremely 
corrosive and consequently harmful to the operators as well as HPLC column reducing its longevity. 
Although the HPLC offers good precision, sensitivity, and repeatability in comparison with other methods 
(Heshmati and Milani, 2010). In immunochemical techniques based on specific antibodies, enzyme-
linked immunosorbent assay (ELISA) as valuable rapid tests to determine the presence/ absence of 
mycotoxins, is the most frequently used. However, other methods, such as radioimmunoassay, sequential 
injection immunoassay, and immunoaffinity column assays, are also approached. 
4. Conclusion 
This study attempted to evaluate detection and identification studies published between 1983 and October 
2017 on mycotoxins (DON, ZEN, OTA, and TAF) in the cereal-based products. The lowest and highest 
number of studies was related to TAF and DON for many cereal-based products, respectively. To make a 
firm recommendation on TAF in the cereal-based products further studies are required. Germany ranked 
first on publishing article regarding detection and identification of mycotoxins while LC-ESI/MS was the 
most used techniques in the identification of mycotoxins in the cereal-based products. 
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Table 1. Main characteristics of selected studies reporting on the mycotoxins in the cereals foods 
Year of study  Publish 
Year    
Type of product   Mycotoxins  Continent  Country LOD LOQ Method of  measurement First author., 
year 
2004 2004 Cereal grain  OTA Europe Spain 0.25 0.75 LC–FLD (Blesa et al., 2004) 
2007 2007 Cereal grain  DON Austria Austria     LC-ESI-MS/MS (Berthiller et al., 
2007) 
2007 2007 Cereal grain  TAFT Austria Austria     LC-ESI-MS/MS  
2007 2007 Cereal grain  OTA Austria Austria     LC-ESI-MS/MS  
2007 2007 Cereal grain  ZEN Austria Austria     LC-ESI-MS/MS  
2004 2004 Cereal grain  DON Europe Germany   1 to 10 LC-ESI-MS/MS (Biselli et al., 2005) 
2004 2004 Cereal grain  ZEN Europe Germany   1 to 10 LC-ESI-MS/MS  
2004 2004 Cereal grain  TAFT Europe Germany   1 to 10 LC-ESI-MS/MS  
2004 2004 Cereal grain  OTA Europe Germany   1 to 10 LC-ESI-MS/MS  
2011 2012 Cereal grain  DON Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE ) (De Boevre et al., 
2012) 
2011 2012 Bread DON Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE )  
2011 2012 Cornflake DON Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE )  
2011 2012 Cereal grain  ZEN Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE )  
2011 2012 Bread ZEN Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE )  
2011 2012 Cornflake ZEN Europe Belgium 6 12 LC-MS/MS (Quattro Premier XE )  
2007 2007 Breakfast  DON Europe UK   0.6 HPLC-MS (Turner et al., 
2008) 
2007 2007 Bread DON Europe UK   0.6 HPLC-MS  
2007 2007 Othre products DON Europe UK   0.6 HPLC-MS  
2007 2007 Othre products DON Europe UK   0.6 HPLC-MS  
2014 2014 Cereal grain  OTA Asia China 0.06-0.43   dc-FEIA based on Nb-AP (Liu et al., 2015) 
2014 2014 Cereal grain  OTA Asia China 0.06-0.43   dc-FEIA based on Nb-AP  
2014 2014 Cereal grain  OTA Asia China 0.06-0.453   dc-FEIA based on Nb-AP  
2012 2014 Pasta  ZEN Asia Korea 4 8.1-10.0 HPLC-FLD  (Ok et al., 2014) 
2012 2014 Cereal grain  ZEN Asia Korea 4 8.1-10.1 HPLC-FLD   
2012 2014 Infant product ZEN Asia Korea 4 8.1-10.2 HPLC-FLD   
2012 2014 Pasta  ZEN Asia Korea 4 8.1-10.3 HPLC-FLD   
2012 2014 Cereal grain  ZEN Asia Korea 4 8.1-10.4 HPLC-FLD   
2012 2014 Infant product ZEN Asia Korea 4 8.1-10.5 HPLC-FLD   
2012 2014 Pasta  ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2014 Cereal grain  ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2014 Infant product ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2014 Pasta  ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2014 Cereal grain  ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2014 Infant product ZEN Asia Korea 2.5 8.0-9.2  UPLC  
2012 2013 Bread DON Europe Belgium 10   LC–MS/MS (De Boevre et al., 
2013) 
2012 2013 Bread DON Europe Belgium 10   LC–MS/MS  
2012 2013 Breakfast  DON Europe Belgium 9   LC–MS/MS  
2012 2013 Cornflake DON Europe Belgium 6   LC–MS/MS  
2012 2013 Cereal grain  DON Europe Belgium 5   LC–MS/MS  
2012 2013 Bread ZEN Europe Belgium 8   LC–MS/MS  
2012 2013 Bread ZEN Europe Belgium 8   LC–MS/MS  
2012 2013 Breakfast  ZEN Europe Belgium 9   LC–MS/MS  
2012 2013 Cornflake ZEN Europe Belgium 7   LC–MS/MS  




2011 2012 Cornflake DON Asia Japan 0.5 1.3 LC-MS/MS (Yoshinari et al., 
2012) 
2011 2012 Flour DON Asia Japan 0.5 1.3 LC-MS/MS  
2014 2015 Cereal grain  DON Europe Finland 1.3 3.9 LC-MS/MS (Nathanail et al., 
2015) 
2014 2015 Cereal grain  ZEN Europe Finland 1.9 5.7 LC-MS/MS (tandem mass 
spectrometric) 
 
2004 2004 Cereal grain  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI) (Blesa et al., 2004) 
2004 2004 Pasta  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Flour OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Flour OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Cereal grain  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Bread OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Breakfast  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Breakfast  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Breakfast  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Breakfast  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2004 2004 Breakfast  OTA Europe Spain 0.25 0.75 LC–FLD after LC/MS(ESI)  
2013 2013 Cereal grain  DON Europe Spain 22.6 75.2 UHPLC–MS/MS (ESI) (Arroyo-
Manzanares et al., 
2015) 
2013 2013 Cereal grain  OTA Europe Spain 0.19 0.65 UHPLC–MS/MS (ESI)  
2013 2013 Cereal grain  ZEN Europe Spain 11.5 38.6 UHPLC–MS/MS (ESI)  
2008-2011 2012 Cornflake DON Asia China     UPLC–MS/MS(Tandem Mass 
Spectrometry) 
(Wei et al., 2012) 
2008 2009 Cereal grain  DON Europe Germany 0.09 0.31 LC–MS/MS (Gottschalk et al., 
2009) 
2010 2011 Cornflake AFT Europe Belgium 6.5 13 UHPLC-MS/MS (Van Pamel et al., 
2011) 
2010 2011 Cornflake DON Europe Belgium 50 99 UHPLC-MS/MS  
2010 2011 Cornflake OTA Europe Belgium 9 17 UHPLC-MS/MS  
2010 2011 Cornflake ZEN Europe Belgium 11 23 UHPLC-MS/MS  
2014 2014 Cereal grain  OTA Asia China   0.44 VHH phage-based RTIPCR (Liu et al., 2014) 
2014 2014 Cereal grain  OTA Asia China   0.23 commercial ELISA kit  
2007 2008 Cereal grain  DON Europe Belgium     ELISA (Kolosova et al., 
2008) 
2007 2008 Cereal grain  DON Europe Belgium     UPLC - MS(Micromass Quattro micro 
triple quadrupole) 
 
2007 2008 Cereal grain  DON Europe Belgium      lateral-flow immunoassays  
1999 1999 Cereal grain  DON Austria Austria   40 HPLC–APCI-MS (Razzazi-Fazeli et 
al., 1999) 
1999 1999 Cereal grain  DON Austria Austria 2   ELISA (Schneider et al., 
2000) 
2007 2007 Flour DON Europe Italy 12 35 LC–MS–MS (Gentili et al., 
2007) 
2004 2004 Cereal grain  DON Asia Japan 50   ELISA  (Yoshizawa et al., 
2004) 
2004 2005 Flour DON Europe Italy   20 HPLC-ESI-MS  
2005 2006 Cereal grain  DON Europe Belgium 50 150 HPLC /UV (Pussemier et al., 
2006) 
2005 2006 Cereal grain  ZEN Europe Belgium 1.5 4 HPLC with UV detector and 
fluorescence detector  
 
2005 2006 Cereal grain  OTA Europe Belgium 0.05 0.15 HPLC with UV detector and 
fluorescence detector  
 
2004 2005 Flour DON Europe Germany   10 HPLC-MS/MS (APCI or ESI) (Biselli and 
Hummert, 2005) 




2004 2005 Breakfast  DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Pasta  DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cornflake DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Bread DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  DON Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Flour ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Bread ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Breakfast  ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Pasta  ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cornflake ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Bread ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
2004 2005 Cereal grain  ZEN Europe Germany   10 HPLC-MS/MS (APCI or ESI)  
1995 1995 Cornflake DON America canada     ELISA (Sinha et al., 1995) 
2003 2003 Cereal grain  DON Europe Netherland     LC/MS/MS (Tüdös et al., 2003) 
2010 2010 Cereal grain  DON Austria Austria 57   LC-MS/MS (Meneely et al., 
2010) 
2010 2010 Infant product DON Austria Austria 6   LC-MS/MS  
2010 2010 Breakfast  DON Austria Austria 9   LC-MS/MS  
1999 1999 Cereal grain  DON Europe Switzerland 6 50 HPLC/ITMMS (Berger et al., 
1999) 
2002 2003 Cornflake DON Europe Italy 1.5   LC-MS/MS (Laganà et al., 
2003) 
2002 2002 Cornflake DON America USA 0.05   LC-MS/MS (Plattner and 
Maragos, 2003) 
1999 2000 Cereal grain  DON America USA 0.5   HPLC/MS (ESI) (Plattner, 1999) 
1984 1985 Cereal grain  ZEN Asia Japan 1   HPLC-FD (Tanaka et al., 
1985) 
1984 1985 Cornflake ZEN Asia Japan 1   HPLC-FD  
1984 1985 Cereal grain  ZEN Asia Japan 1   HPLC-FD  
2003 2003 Flour OTA Europe Germany 0.5 1.4 LC/MS–MS ("UV-Detector and an 
LCQ ion-trap mass spectrometer) 
(Lindenmeier et al., 
2004) 
2004 2004 Cereal grain  DON Europe Italy 45   LC/ESI-MS (Dall’Asta et al., 
2004) 
2004 2004 Cornflake DON Europe Italy 45   LC/ESI-MS  
2004 2004 Cornflake ZEN Europe Belgium     LC–MS (ion-trap) (Pallaroni and von 
Holst, 2004) 
1998 1998 Cereal grain  DON Asia Japan 0.1-0.5   GC–MS (Onji et al., 1998) 
1998 1998 Cereal grain  ZEN Asia Japan 0.1-0.6   GC–MS  
1998 1998 Cornflake ZEN Austria Austria 2.5   HPLC–APCI-MS  (Rosenberg et al., 
1998) 
1998 1999 Cornflake ZEN Austria Austria 0.5 1 LC–MS–MS(APCI) (Zöllner et al., 
1999) 
2000 2001 Cereal grain  OTA Europe Belgium 4   HPLC-FD (De Saeger et al., 
2002) 
2004 2005 Cornflake AFT America USA 0.5   HPLC  
2004 2004 Cornflake DON Europe Italy 2   HPLC-MS/MS (ESI) (Cavaliere et al., 
2005) 
2004 2004 Cornflake ZEN Europe Italy 3   HPLC-MS/MS (ESI)  
2006 2007 Cereal grain  AFT Europe France 0.07 0.23 HPLC-FD (Nguyen et al., 
2007) 
2006 2007 Cereal grain  OTA Europe France 0.08 0.25 HPLC-FD  





2003 2003 Cornflake ZEN Europe Belgium 8 15 LC–ESI–MS (Pallaroni and von 
Holst, 2003a) 
2012 2012 Cornflake AFT America USA     ELISA (Abbas et al., 2012) 
2003 2003 Cornflake AFT Europe Japan 0.105   LC/MS-APPI (Takino et al., 
2004) 
2003 2003 Cornflake AFT Europe Japan 0.36   LC/MS-ESI  
2002 2003 Cereal grain  ZEN Europe Belgium 5 15 LC–MS (ion-trap mass spectrometer) (Pallaroni and Von 
Holst, 2003b) 
2002 2003 Cornflake ZEN Europe Belgium 4 14 LC–MS (ion-trap mass spectrometer)  
2002 2002 Cereal grain  ZEN Europe Germany 10   LC-MS (Schneweis et al., 
2002) 
2003 2005 Cereal grain  OTA Asia Korea 1   HPLC with FD and IAC andHPLC-
tandem mass spectrometry 
(Park et al., 2005) 
2003 2005 Cereal grain  OTA Asia Korea 0.8   HPLC with FD and IAC andHPLC-
tandem mass spectrometry 
 
2003 2005 Flour OTA Asia Korea 0.5   HPLC with FD and IAC andHPLC-
tandem mass spectrometry 
 
2005 2005 Cornflake DON Europe Germany 1.2   LC-ESI-MS/MS (Klötzel et al., 
2005) 
2005 2005 Bread DON Europe Germany 1   LC-ESI-MS/MS  
2006 2005 Cereal grain  DON Europe Germany 1.5   LC-ESI-MS/MS  
2006 2006 Cereal grain  DON Austria Austria 8   LC/ESI-MS/MS(tandem) (Sulyok et al., 
2006) 
2006 2006 Cornflake DON Austria Austria 16   LC/ESI-MS/MS(tandem)  
2006 2006 Cereal grain  ZEN Austria Austria 0.5   LC/ESI-MS/MS(tandem)  
2006 2006 Cornflake ZEN Austria Austria 0.5   LC/ESI-MS/MS(tandem)  
2006 2006 Cereal grain  OTA Austria Austria 3.5   LC/ESI-MS/MS(tandem)  
2006 2006 Cornflake OTA Austria Austria 3.5   LC/ESI-MS/MS(tandem)  
2006 2006 Cereal grain  AFT Austria Austria 3.75   LC/ESI-MS/MS(tandem)  
2006 2006 Cornflake AFT Austria Austria 23   LC/ESI-MS/MS(tandem)  
2002 2002 Cornflake AFT America USA 0.5   LCI/ESI/MS (Abbas et al., 2002) 
2011 2012 Othre products DON Europe Italy;     LC-MS/MS (ESI) (Suman et al., 
2012) 
2009 2009 Infant product DON America USA 5 10 HPLC-UV (Dombrink-
Kurtzman et al., 
2010) 
2009 2009 Cereal grain  DON Austria Austria 100 250 LC–MS–MS(triple-quadrupole linear 
ion-trap) 
(Vendl et al., 2009) 
2009 2009 Cereal grain  ZEN Austria Austria 4 10 LC–MS–MS(triple-quadrupole linear 
ion-trap) 
 
2010 2011 Cornflake DON America Canada   0.12 GC-MS (Tran et al., 2012) 
2010 2011 Cornflake DON America Canada 0.0125-0.25   ELISA  
2012 2012 Cereal grain  DON Europe Denmark 18   LC-MS/MS (Rasmussen et al., 
2012) 
2010 2010 Breakfast  DON Europe Italy. 500   LC-MS/MS (Romagnoli et al., 
2010) 
2010 2010 Infant product DON Europe Italy. 200   LC-MS/MS  
2010 2010 Breakfast  ZEN Europe Italy. 50   LC–MS/MS (tandem)  
2010 2010 Infant product ZEN Europe Italy. 20   LC–MS/MS (tandem)  
2010 2010 Cereal grain  DON Europe Switzerland; 1 2 LC-ESI-MS/MS (tandem) (Desmarchelier and 
Seefelder, 2011) 
2002 2002 Cereal grain  DON Europe Germany 2.5   GC/MS  (Schnerr et al., 
2002) 
2004 2004 Flour DON Europe UK 30   LC-UV (MacDonald et al., 
2005) 
2004 2004 Breakfast  DON Europe UK 30   LC-UV  




2004 2004 Flour DON Europe UK 30   LC-UV  
2004 2004 Flour DON Europe UK 30   LC-UV  
1998 1998 Bread DON Europe Germany 7 23 GC–MS (Schollenberger et 
al., 1998) 
1998 1998 Cereal grain  DON Europe Germany 7 23 GC–MS  
1998 1998 Cereal grain  DON Europe Germany 7 23 GC–MS  
2007 2007 Cereal grain  DON Europe Italy 2.8   LC-MS/MS (Lattanzio et al., 
2008) 
2007 2007 Cereal grain  DON Europe Italy 5.1   LC-MS/MS  
2007 2007 Cornflake DON Europe Italy 5.1   LC-MS/MS  
2007 2007 Infant product DON Europe Italy 5.3   LC-MS/MS  
2007 2007 Infant product DON Europe Italy 4.6   LC-MS/MS  
2007 2007 Othre products DON Europe Italy 3.8   LC-MS/MS  
2007 2007 Othre products DON Europe Italy 3   LC-MS/MS  
2007 2007 Othre products DON Europe Italy 4   LC-MS/MS  
2001 2001 Cereal grain  DON America USA     FP with HPLC-UV (Maragos and 
Plattner, 2002) 
2001 2002 Cornflake DON Europe Spain 50   HPLC /FD/PAD (Mateo et al., 2002) 
2001 2002 Cornflake ZEN Europe Spain 15   HPLC with both FD and photodiode 
array detection 
 
2002 2003 Cornflake DON Europe Italy 1.5   LC-MS/MS (Laganà et al., 
2003) 
2005 2005 Cereal grain  DON Europe Italy     FPIA (Lippolis et al., 
2006) 
2005 2005 Cereal grain  DON Europe Italy     FPIA  
2005 2005 Pasta  DON Europe Italy     FPIA  
2014 2014 Cereal grain  DON Europe Italy   16000 FT-NIR Spectroscopy (De Girolamo et 
al., 2014) 
2000 2000 Cereal grain  DON Asia Japan 10   GC–MS-SIM (Tanaka et al., 
2000) 
2000 2000 Cereal grain  ZEN Asia Japan 5   GC–MS-SIM  
2007 2009 Bread DON Europe UK   5 (µg/kg) (GC/MS) (Scudamore et al., 
2009) 
2007 2009 Bread ZEN Europe UK     HPLC) with fluorescence detection  
2007 2009 Othre products DON Europe UK     (GC/MS)  
2007 2009 Othre products ZEN Europe UK     HPLC) with fluorescence detection  
2007 2009 Othre products DON Europe UK     (GC/MS)  
2007 2009 Othre products ZEN Europe UK     HPLC) with fluorescence detection  
1999 2001 Bread DON South america  Argentina      GC-ECD) (Samar et al., 2001) 
2014 2015 Bread DON         UPLC–MS/MS  
2008 2010 Flour DON         LC-MS/MS (Bergamini et al., 
2010) 













































Final included Articles:  
(n = 66)  
 
Excluded: 
♦ No original data including review, book, thesis or 
workshop (n = 412). 
♦ Microbial contamination were detected (n = 287). 
♦ Metals in food were detected (n = 187). 
Title and abstracts reviewed:  
(n = 952) 
Repeat articles: 
 (n = 1865) 
 
     Literature search in databases 
Science Direct (n = 243), PubMed (n = 109), Web of 
Science (n = 1139), and Scopus (n = 1326) 
Articles assessed for eligibility: 

























Figure 2. Variation of number of articles and studies ochratoxin A (OTA), zearalenone (ZEN), 
deoxynivalenol (DON) and total aflatoxin (TAF) in cereal-based products among 1985 -2015 
years. Bread (A); Flour (b); Breakfast foods (C); Infants products (D); Cornflakes (E); Cereal 











































Figure 4. Number of articles and studies regarding ochratoxin A (OTA), zearalenone (ZEN), 
deoxynivalenol (DON) and total aflatoxin (TAF) in various type of cereal-based products based 
on type of mycotoxins. Bread (A); Flour (b); Breakfast foods (C); Infants products (D); 











Figure 5.  Number of articles and studies on regarding ochratoxin A (OTA),   zearalenone 
(ZEN), deoxynivalenol (DON) and total aflatoxin (TAF) in various type of cereal-based products 
















Figure 6. Number of studies regarding ochratoxin A (OTA), zearalenone (ZEN), deoxynivalenol 
(DON) and total aflatoxin (TAF) of different type of cereal-based products in various countries 






















Figure 8.  Number of studies on mycotoxins based on type of food in various countries Number 
of studies on regarding ochratoxin A (OTA),  zearalenone (ZEN), deoxynivalenol (DON) and 









Figure 9. Variety of the used methods for detection of ochratoxin A (OTA), zearalenone (ZEN), 
deoxynivalenol (DON) and total aflatoxin (TAF) in cereal-based products based on type of 



































Cereal and cereal-based products can be considered as one of the most important sources 
of food as well as energy in many countries; they also provide some of the vitamins and minerals  
(Pereira, Fernandes, & Cunha, 2014; Pimentel et al., 2009). However, they can be contaminated 
by a variety of mycotoxins as consequence grains' infection by fungi, both in the field and during 
storage (Pitt, Taniwaki, & Cole, 2013). Some environmental factors such as inadequate storage 
conditions,  insect damage, temperature, humidity, and drought play important roles in the 
diversity and level of contamination (Hussein & Brasel, 2001; Marin, Ramos, Cano-Sancho, & 
Sanchis, 2013; Rodríguez-Carrasco, Ruiz, Font, & Berrada, 2013; Zain, 2011). However,  
according to some surveys, the method of good farming has a notable influence on the further 
contamination by mycotoxins  (Rubert, Soriano, Mañes, & Soler, 2013; Serrano et al., 2013). 
The concentration of mycotoxins in a final product could be varied among the food processing, 
which in some cases can be resulted in reduction their content (Vaclavikova et al., 2013). 
Nevertheless, the contamination of cereals and their products by mycotoxins can pose a risk to 
human and animal health (da Rocha, Freire, Maia, Guedes, & Rondina, 2014). It is recognized 
that trichothecene mycotoxins reduce protein synthesis in eukaryote cells (Bennett & Klich, 
2003). It is further documented that DNA and RNA synthesis may be inhibited, the cell-
membrane altered, and mitochondrial function and apoptosis may occur (Rocha, Ansari, & 
Doohan, 2005; P. C. Turner et al., 2008). As an example, ZEN produced by many Fusarium 
species shows an estrogenic activity (Nathanail et al., 2015), and often implicated in physical 
changes in genital organs or reproductive disorders of farm animals (Faucet-Marquis, Joannis-
Cassan, Hadjeba-Medjdoub, Ballet, & Pfohl-Leszkowicz, 2014). It contaminates grains (such as 
barley, wheat, sorghum, and corn) and fruits. Besides mycotoxicosis,  mycotoxins could pose 
toxic influences on the kidney, hematopoietic, liver, immune system, reproductive and fetal 
systems, besides their carcinogenic and mutagenic effects (Creppy, 2002; Mousavi Khaneghah et 
al.,  2017; Turner et al., 2009). 
Differences in the concentration and prevalence of mycotoxins in cereal foods can be due 
to different reasons, including physical and chemical food properties (pH, composition, and 
water activity) (Reyneri, 2006), management production (tillage, harvesting, storage and 





weather conditions (humidity, temperature and rainfall). Kamika et al. showed that concentration 
of aflatoxin in the maize samples at the city store was 500 times higher than pre-harvest and 
harvest samples (Kamika et al., 2016).  Despite the weak transportation system and weak food 
supply system, the increase of aflatoxin at the city store could also be due to lack of the drying 
facilities as well as insatiable storage (Magan and Aldred, 2007; Tollens, 2011).  
Weather conditions are another critical parameter in the prevalence of mycotoxins in food. 
Several studies have shown that the prevalence of mycotoxins has increased with increasing 
global warming (Alkadri et al., 2014; Juan et al., 2016; Juan et al., 2013; Stanciu et al., 2017). 
Flour obtained from different plants, mainly wheat, are essential ingredient utilized in 
several food products throughout the world, especially in European and American cultures. The 
derived products such as bread, pasta, crackers, cereal-based products, amongst similar foods are 
made using flour or include it as one of the main ingredients. Flour as end-product of the milling 
step is considered as a microbiologically safe product due to its low water activity. Although, the 
available water of dry flour is below the required amounts for fungus’s growth and production of 
mycotoxin, the increase in moisture contents about 1% or 2% might be enough to promote mold 
growth and consequent mycotoxin production (Cabañas et al., 2008; Duarte et al., 2010). 
Therefore, storage and process of flour with Good Manufacturing Practice (GMP) can reduce the 
risk of contamination by mycotoxins. However, the contamination by different types of 
mycotoxin can be transferred to further products. The contaminated flour is main a source of 
contamination of cereal-based products.  
Bread as one of the staple type of food products amongst different countries plays an 
important role in the daily diet for over 6,000 years. Although it could provide the required 
energy and minerals, like other perishable products, it is susceptible to contamination by moulds. 
In this regard, the assessment of mycotoxins in bread is the point of interest (de Koe and 
Juodeikiene, 2012). The difference in reported concentrations of mycotoxins among 
investigations can be correlated to variation in flour used, recipes (formulations due to 
contamination by other ingredients), post contamination during storage and handling. 
Also, based on some previous investigations, the prevalence of mycotoxin in cereal-based 
products especially breakfast cereal products always was considered as a serious threat to public 
health. In this context,  Iqbal et al. (2014a) investigated the prevalence of ochratoxin A and 





(2009) from Turkey, Villa, and Markaki (2009) from Greece, Majeed et al. (2017) from Pakistan. 
These findings demonstrated that the OTA, TAF, ZEN are common mycotoxins in cereal-based 
breakfast, constant monitoring to control of mycotoxin levels and improvements in the quality of 
cereal-based breakfast are required steps to guaranty the safety 
Even though the cereal-based products may be contaminated by only relatively low 
concentrations of each mycotoxin, due to the prevalence of different mycotoxins, there is a great 
concern due to their possible synergic toxic effects (Amirahmadi et al., 2017; Carvalho 
Gonçalves-Nunes et al., 2015; Heshmati et al., 2017; Ibáñez-Vea et al., 2011). Hence, 
simultaneous analysis of mycotoxins is crucial.  In this regard, another important issue which 
should take in consideration is the dilution factor of other ingredients such as fat, sugar, and 
water which can change (usually reduce) the concentration of mycotoxin in the final products 
(Scudamore et al., 2009). Moreover, differences due to the percentages of flour (as the actual 
source of contamination) or type of flour (whole or white) are used in a variety of cereal-based 
products; therefore, the comparison of mycotoxin levels among them is difficult (Schollenberger 
et al., 2002; Weidenbörner et al., 2000). Even though, the quality of grain paly Important role in 
the mycotoxin level of flour. Also, the further contamination by other ingredients such as added 
chocolate into cereal-based cornflakes (cacao source) as well as post contamination could affect 
this comparison. 
The observed differences among investigated studies can be correlated to some factors, 
which affect the fate of mycotoxins during food processing including process temperature, the 
initial concentration of the mycotoxin, the food matrix, moisture content pH and natural or spike 
contamination (Samar et al., 2003). Food processing can cause reduction or increase in the 
concentration of mycotoxins (Scott 1998; Kabak 2009). 
Considering the result of the current investigation, milling of flour can cause an increase in 
the concentration of DON and TAF but decrease the concentration of OTA. Additionally, due to 
the stability of ZEN during milling, there are no changes in its concentration. The milling can 
reduce the concentration of mycotoxins in different ways. Overlay, the milling can result in 
dilution and distribution of mycotoxins into certain fractions such as bran, which mostly would 
be consumed as animal feed. In dry milling, the mycotoxin can be concentrated on other 





Additionally, in wet milling, the mycotoxin can be solved in the used water and tends to be 
accumulated in germ, gluten fiber. Hence, the obtained starch tends to be relatively free of the 
mycotoxins (Bullerman & Bianchini, 2007). Although the chemical structure of mycotoxins 
plays an important role in this process (hydrophilic or hydrophobic interactions). 
Karlovsky et al. (2016) recently conducted a review regarding the effect of detoxification 
treatments and food processing on mycotoxin content. Based on their study, the milling process 
increased mycotoxin levels in bran particularly for DON, while the produced flour is 
contaminated with a lower level of mycotoxins. Also, Kushiro (2008) indicated that milling 
could reduce the DON content in wheat-based food products if the shorts and bran are separated 
before cooking as a further thermal process. Based on the findings of Lancova et al. (2008), 
however, after the milling stage, the highest concentrations of DON were observed in the bran, a 
significant amount about 40% remained in reduction flours. However, according to Schwake-
Anduschus et al. (2015), the efficiency of milling step as a useful strategy in the reduction of 
mycotoxin was limited. In agreement with our results, Milani and Maleki (2014) noted that 
milling could show diverse effects on mycotoxin content. For instance, it can reduce the 
concentration of OTA due to the removal of the surface layers where the mycotoxin tends to be 
concentrated. Based on the findings of Brera et al. (2006), milling can result in similar 
distributions patterns for ZEN and aflatoxin B1 (AFB1) with an increase in mean percentages in 
bran, feed flour, and germ, up to 911% for AFB1 in organic bran and 424% for ZEN in organic 
feed flour. Although regarding DON, the effect of the process can be varied based on the degree 
of fungal penetration into the endosperm, if the penetration of fungal is limited, a notable 
reduction in the level of DON can be achieved. 
Based on the results found, fermentation of the flour and dough can cause an increase in 
the concentration of DON. However, decreases in ZEN, OTA, and TAF were noted.  Concerning 
fermentation, the incorporated additives (improver agents and microorganisms), could cause 
different effects on the concentration of mycotoxins (Bata and Lásztity, 1999).  The effect of the 
microorganism in the reduction of mycotoxins can be associated with high mycotoxin binding 
ability and produced peptidoglycans (Juodeikiene et al., 2012; Lahtinen et al., 2004;Shetty and 
Jespersen 2006). The noted increase in the concentration of DON might be associated with the 





Moreover, by the incorporation of enzymes mixtures (xylanase and α-amylase) as a dough 
ingredient, an increase of conjugated DON-3-Glc fermented dough has been reported 
(Kostelanska et al., 2011;Vidal et al., 2016). Additionally, the increases in DON and DON-3-
glucoside concentrations reported during breadmaking may be due to enzymatic activity, in other 
words; they may hydrolyse mycotoxins bound to carbohydrates or other components related to 
the ingredients of the recipe formulations causing an increase in mycotoxin (Vidal et al., 2016).  
The use of enzymes (flour improver) as replacer of kneaded dough led to the increase in the 
concentration of DON during the fermentation (Suman et al., 2012; Simsek et al., 2012). Based 
on the findings of Bergamini et al. (2010), a significant increase in the concentration of DON 
after fermentation step (30–40 ∘C for 45–85 min) was reported. The releasing of bound DON as 
result of fermentation (possibly due to the activity of sourdough bacteria and enzymes) was 
mentioned by the authors as the possible reasons. The effective reduction of DON not only 
because of thermal treatment but also due the fermentation step was confirmed (Samer et al., 
2001). In contrast, an increase in the level of DON during the fermentation step and the baking 
process in the bread-baking process were reported by Bergamini et al. (2010). Moreover, an 
increase of DON of 24% was reported by Vidal et al. (2014b) as a result of the sourdough 
addition. Enzymatic release of DON from its unknown bound forms was mentioned as possible 
reasons. In another conducted investigation by Cano-Sancho et al. (2013) regarding the fate of 
DON and ZEN during baking of bread and during boiling of pasta, a notable decrease in the 
levels of ZEN after the first fermentation of dough was observed. According to findings of 
Kostelanska et al. (2011), a significant increase in D3G (145%) was reported while enzymatic 
bakery improvers were used in the process while a moderate decrease in the final content of both 
DON and D3G (87% and 90%, respectively) was observed. However, the baking process did not 
alter the concentration of ZEN. Moreover, using lactic acid bacteria for fermentation of dough 
was found as an efficient technique for reducing of ZEN concentration (Mokoena et al. 2005). A 
significant decline in the concentration of DON (38–46%) during fermentation was determined; 
however, after baking stage, these reduction rates were reverted without any final decomposition 
(Lancova et al., 2008). According to Vidal et al. (2014b), however, a slight reduction (29%) in 
the concentration of OTA during fermentation of dough was reported, no significant change in 
the total content of OTA was achieved. Moreover, no significant impact was observed as result 





decrease in AFs levels in all treatments during mixing and fermentation were observed with the 
addition of LAB (Lactobacillus rhamnosus TISTR 541). The authors suggested that using a 
mixture of L. rhamnosus TISTR 541 and bakery yeast could reduce the concentration of AFB1, 
AFB2, AFG1, and AFG2. However, the efficiency of fermentation in the reduction of TAF in 
cereal-based products is not well investigated, and most of the conducted studies tried to 
approach the dough fermentation as a tool in the reduction of TAF in combination with other 
detoxification methods.In summary, concerning fermentation effects on mycotoxin reduction, 
there is no agreement between the reported results. The differences reported in the studies from 
which data were collected might be related to the fermentation conditions employed (the 
involved microorganisms such as L. plantarum, L. acidophilus, and Saccharomyces cerevisiae), 
ingredients and practices. Further studies are needed in order to clarify the factors leading to 
increasing or reduction of mycotoxin's levels during fermentation of foods because these 
comprise key data for refinement of risk assessment models.  
Generally, heat treatment is commonly employed for microbiological decontamination, 
sensory and nutritional purposes. However, the degradation of mycotoxin with the aid of food 
processing can be resulted to a decline on their concentrations, considering the relatively high 
thermal and chemical stability of mycotoxins; different outcomes were achieved in term of their 
reduction. The decline in concentrations of TAF, DON, and OTA in the products indicated that 
baking process could decrease the content of the mentioned mycotoxins in investigated cereal-
based products. Moreover, the concentrations of DON and ZEN were decreased during baking of 
biscuit. Additionally, cooking of pasta can cause a decrease in concentration of DON and 
TAF.The reported increase can be correlated to the formation of new mother and daughter 
mycotoxins as result of heating; also, enzymatic conversion of unknown precursor (conjugate) 
into mycotoxins can be mentioned as one of the reasons (Berthiller et al., 2009; Hazel and Pastel, 
2004; Kim et al., 2003; Young et al., 1984).Furthermore,as result of food processing, the 
mycotoxins can pose some reactions with incorporated ingredients such as reducing sugars or 
even bind to variety components within the food matrix. Hence, the transformation to masked 
form is another possible reason for the reduction or increase in some of the investigated 
mycotoxins (Khaneghah et al., 2018), highlighting that their toxicological effects are not well 





an absence or indeed a decrease in their toxicity risk, because the produced decomposition 
product(s) can be a dangerous as the parent mycotoxins.In this context, their formation during 
food processing raises serious concerns regarding the impact and efficiency of heat treatment in 
the reduction of mycotoxins (De Boever et al., 2012a,b).Moreover, few data were available on the 
fate of masked (hidden) mycotoxins such as conjugate deoxynivalenol- 3-glucoside (DON-3-
Glc), deoxynivalenol-15-β-d-glucopyranoside (DON-15-glucoside), fusarenon X-glucoside 
(FUXGlc) (Kostelanska et al., 2011; Dall'Asta et al., 2008; Berthiller et al., 2005; Suman et al., 
2013; Nakagawa et al., 2011). 
  Aflatoxins are very stable at temperatures above 100°C, few or almost no decomposition 
can be achieved while subjected to pasteurization, roasting, and baking (Campagnollo et al., 
2016). According to Milani and Maleki (2014), temperatures above 150 °C are required for the 
partial destruction of the aflatoxin. Even though aflatoxins are very stable to dry heating, they 
can be reduced (78–88%)using pressure-cooking. The detoxification of aflatoxin cannot be 
achieved by the conventional food processing. However, 68.0- 80.8% reduction in the 
concentration of aflatoxin B1 in boiled pastes was reported (Adegoke et al., 1994). Moreover, 
an average reduction of 34% in rice contaminated with aflatoxin B1 as result of cooking was 
demonstrated. This reduction in AFB1 can be doubled by pressure-cooking (78–88%) (Park et 
al., 2005; Park et al., 2006). The high stability of OTA during heat treatment (baking) was 
demonstrated by several data (Milani and Heidari, 2017; Scudamore et al., 2003; Vidal et al., 
2014 a, b). Although in the other hand, the reduction of OTA (30% and 66%) for bread and 
biscuits during baking as heat treatment was noted by Valle-Algarra et al., (2009) and Subirade 
(1996), respectively. Different reduction rates for reduction of OTA as result of the baking 
process were reported. Also, the moisture content plays a vital role in the thermal decomposition 
of OTA. In this regard, at 116–120 °C with moisture content around 30%, a reduction 12% was 
noted while the temperature was increased to 133–136 °C, a reduction in the concentration of 
OTA about 23.5% was reported. Moreover, while the moisture content was adjusted to 17.5%, 
using temperature between 157–164 °C, the ochratoxin A level was decreased about 13.4%. At 
191–196°C and with the same moisture content, the mean of OTA degradation was 31%. 
However, the size and shape of such product play an essential role in heat penetration in the 





(Scudamore et al., 2003; Vidal et al., 2014a). In contrast, the reduction of OTA during baking 
was noted in following studies; a reduction 20% over baking process was reported by Valle-
Algarra et al. (2009). Likewise, baking step of wheat-based biscuits caused a notable reduction in 
OTA concentration (66%)  (Subirade1996). It should be noted, however in one of the recently 
conducted investigation the concentration of OTA (wet basis) was decreased (29–38%) among 
the conversion of flour to the fermented dough, it increased (58%) from fermented dough to 
baking process in the bread (Vidal et al., 2014a). Moreover,the whole bread making 
(fermentation-baking) can result in a concentration of OTA 1.4 times higher than initial flour, 
that is in the line of an equal maximum level for both flour and bread (3 µkg1) (European 
Commission, 2006). The thermal treatment is not normally capable of reducing the concentration 
of ZEN (Kovalsky Paris et al., 2016). However, earlier investigations reported a moderate 
reduction in ZEN levels (Ryu et al., 1999). The thermal treatment (extrusion cooking) reduced 
65-83% of the toxin content in maize (Ryu et al., 1999). Also, based on the report Lancova et al. 
(2008) the applied heat treatment (210 °C, 14 min) in the baking stage had no significant 
reducing effect on the level of DON. However, a decline about 7.6–9.9% in the DON level was 
recorded using of higher temperature 230 °C (Milani and Maleki, 2014). DON is a stable 
mycotoxin during heat treatment up to 120-180 °C and partially stable at 210 °C (Jard et al., 
2011). Regarding baking, some investigations demonstrated that DON could be reduced and 
such reduction is affected by increases in both temperature and time. However, based on other 
research lower reduction of DON during baking was reported which can be associated with loaf 
size or to a mild heat treatment (Vidal et al., 2014a). Although based some investigation a drastic 
reduction of DON concentration under thermal treatment was reported (Cazzaniga et al., 2001), 
the later data showed moderate effects (Wu et al., 2011) or even no degradation of DON  was 
mentioned (Scudamore et al., 2008). At 120 ∘C, DON is stable while at 180 ∘C this mycotoxin 
can be classified as moderately stable and finally above 210 ∘C after 40 min it can be degraded 
(Kamimura 2000). Additionally, considering previously published reports reduction around 64% 
flour-equivalent basis was reported (Voss and Snook, 2010). Voss and Snook (2010) measured 
the stability of DON during the production processes of flour-based food products. Their results 
suggested that a reduction about 70% in concentration of DON during baking of bread. Thus, 
this mycotoxin was less stable in the examined products (cookies, crackers, bread, pretzels, and 





products might be correlated with particular baking procedures and conditions including time, 
temperature, quality and type of flour, the moisture content of the dough, and used recipe, which 
can influence the mycotoxin stability (Voss and Snook, 2010).  
The important role of a common cereal-based product such as bread, flour, cornflake, 
pasta in the human diet in comparison to other products was demonstrated by several previously 
published reports (J. P. Meneely, Ricci, van Egmond, & Elliott, 2011; Ok et al., 2014; Pascale, 
2009; Suman et al., 2013). The great number of studies published related to DON and ZEN 
unveils the significant roles of these mycotoxins in the cereal-based products and their influence 
on the human and animal health.  The highest number of studies performed regarding the 
mycotoxin occurrence in the bread, flour, breakfast, cornflake, and pasta increased considerably 
between years 2001 and 2003. The number of studies performed on the infant's products and 
other cereal-based products (apart from flour, dough, bread, pasta, and biscuit) was in 2006 
whereas in the year 1997 the highest number of studies considering the cereal grains were 
established. In years 2002 and 2011, most investigations were on cornflakes; the year 2004 on 
bread, flour and breakfast and the cereal grains; the year 2014 on pasta and infant products, 
whereas in 2007 other cereal-based products were investigated.  The highest studies performed 
on the ZEN in the cereal-based products was in Belgium; TAF, in Australia; DON in Italy; and 
OTA, in Spain. More research in Belgium was conducted regarding ZEN (De Boevre et al., 
2012). ZEN is mainly produced by F. culmorum and F. graminearum. Consequently, co-
occurrence with DON and wide geographical spread is described. The fungal growth, mainly in 
corn, as well as in other crops such as wheat, barley, and oats, depends on environmental 
conditions and is favored by high humidity and low temperature. In Australia, the contamination 
by TAF is related to high level of aflatoxin in feed and feed ingredients(Berthiller et al., 2009; 
Streit, Schwab, et al., 2013); in Italy. The presence of DON in cereal-based product was 
associated with high human consumption of raw cereals and derived products(uncooked or 
unprocessed products) (V. M. Lattanzio, Visconti, Haidukowski, & Pascale, 2012; Pascale, 2009; 
Suman et al., 2013); and, in the observed contamination of  OTA can be correlated to cold and 
wet climates used in cereals and cereal products Spain (Blesa et al., 2004). More research in 
mycotoxins in Germany (Biselli et al., 2005; Köppen et al., 2010) is related to EU harmonized 





Cereal grains. Limits for Fusarium toxins (ZEN, DON, T2, and HT2) are recently drafted in the 
EU member states. However, the maximum limits for Fusarium in food products already exist in 
Germany since February 2004. The highest number of studies on detection of mycotoxins in the 
cereal-based products was carried out in Germany, mostly related to bread and flour. Other 
countries such as Belgium (bread and cornflakes), UK (flour and some other products), South 
Korea (pasta and infant products), Spain (breakfast) and Italy (infant products) also published 
articles related to mycotoxins. 
The LC-ESI/MS was the most frequently used method for analysis of mycotoxins in 
cereal-based products  (Berthiller et al., 2003; Berthiller et al., 2007; McCormick et al., 2015). It 
was also the best emerging routine for the evaluation of mycotoxins and their metabolites. In 
contrast to GC based techniques, polar ingredients are quickly accessible without the need of 
derivatization in LC-ESI/MS method. Further benefits of LC-ESI/MS include the ability to 
generate the analyte structural information, low detection limits, the need for minimum sample 
process and the possibility to evaluate a wide range of polar analytes. Mass spectrometers are 
rather general detectors that are not so dependent on chemical properties. However, the same has 
not occurred with fluorescence UV or absorbance detectors. Matrix properties, however, limit 
the potential of LC-MS (Dall'Asta et al., 2008). Ion suppression (or enhancement) might be 
encountered due to matrix ingredients that co-elute with the analyte of interest. If available, 
internal standards can usually successfully improve these limits. Possible other method includes 
the use of matrix-matched standards or very careful validation of certain toxin/matrix 
combinations to exactly evaluate the matrix influence. Such multi-mycotoxin technique can only 
be a compromise since extraction and clean-up conditions have to be chosen that is far from the 
optimum for certain analytes. Still, such technique provides a large saving in a reduction in 
analytical labor compared to multiple conventional techniques. It also gives a significant increase 
in the analytical output (Cirlini, Dall’Asta, & Galaverna, 2012). The required time for sample 
preparation and running (in order to ensure the validity of results) can be considered as the 
common issues associated with HPLC. Additionally, the used chemicals for derivatizing such as 
pyridinium hydrobromide, trifluoroacetic and β-mercaptoethanol can be categorized as extremely 
corrosive and consequently harmful to the operators as well as HPLC column reducing its 





with other methods (Heshmati & Milani, 2010). In immunochemical techniques based on 
specific antibodies, enzyme-linked immunosorbent assay (ELISA) as valuable rapid tests to 
determine the presence/ absence of mycotoxins, is the most frequently used, however, other 
methods, such as radioimmunoassay, sequential injection immunoassay, and immunoaffinity 





























This global systematic review and meta-analysis was an attempt to evaluate the prevalence and 
concentration of mycotoxins in the cereals food. The highest prevalence of mycotoxins in the 
cereal-based food can be summarized as TAF in the biscuit; DON and ZEN in the cornflakes; 
and OTA in the pasta. The highest prevalence of mycotoxins in the pasta was observed in Spain; 
cornflakes in Germany; Breakfast cereals in Germany; bread in Canada; and biscuit in Turkey.  
Some of the investigated processing such as milling and fermentation caused an increase in the 
concentration of DON and TAF; they reduce the concentration of ZEN and OTA. Although heat 
processing (cooking) cause a decrease in DON, OTA, and TAF in bread and an increase in the 
concentration of ZEN, it reduces the concentration of DON and ZEN in the biscuit. Cooking of 
pasta reduce the content of DON, but it increases the concentration of TAF. The lowest and 
highest number of studies was related to TAF and DON for many cereal-based products, 
respectively. To make a firm recommendation on TAF in the cereal-based products further 
studies are required. Germany ranked first for publishing articles regarding detection and 
identification of mycotoxins while LC-ESI/MS was the most used techniques in the 
identification of mycotoxins in the cereal-based products. The outcomes of our systematic 
review and meta-analysis showed that the mycotoxins and their fate were influenced differently 
by the unit operations steps involved in the preparation of the different cereal-based products. 
This comprises an important source of variability that should be better described and accounted 
to improve exposure assessment studies. The demand for well-developed analytical methods as 
one of the main proposed issues among the mycotoxins analysis can be considered as an 
important challenge. The task becomes even more challenging when detection and identification 
had to be performed in the complex foods. 
The current work is the first established meta-analysis regarding the prevalence, 
concentration and the fate of mycotoxins in cereal-based products. However, the approach of 
meta-analysis is not free of limitation, due to providing a systematic review; it comprises a wide 
range of studies, which merits notable considerations between both food companies, and 
regulatory bodies to integrate the available data. Due to observed conflicts in the reported results 
by the investigated studies, the estimated average effect of processing should be used with 
caution. While the primary published articles might have some conflicts in their results, the 





addition to using quantitative data considering the impact of size in the form of distribution.  
Furthermore, the data found in this study can serve as support for risk assessment models 
development, aiming to generate scientific-based measures to be implemented in the production 
chain of cereal-based products to safeguard public health and may further help government and 
industries to reduce the prevalence of mycotoxins in cereal-based products. This study also 
indicates specific combinations of mycotoxins and cereal-based foods for which the generation 
of prevalence data are required. It has also been indicated the need for data on the effects of unit 
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